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PRE F A C E. 


ConsmDERING the nunzer of Ladies and. Genth: 
men, Artiſts of various Deſcriptions, Youth at Schoet, G&c, 
zoho purchaſe Caſes of Drawing Inſtruments, for purpoſes 
of utility or amuſement, it is ſomewbat extraordinary 
that there ſhould be no book extant, from which a learner 
of common capacity may, without much labour, collect 
the uſe of the ſeveral Inſtruments which thoſe Caſes uſu- 
ally contain. It is a circumſtance well known to every ſhop- 
keeper, that many perſons are not even acquainted with the 
ſeveral uſes of the different Compaſſes and their Appendages; 
fewer ſtill know the uſes of the Plain Scale or Protradter ; 
and as to the Sector, not one in a thouſand knows any 
thing about it, though it is found in every beſt Caſe of 
Inſtruments, and ſeveral of the operations performed with 
it are extremely eaſy, and generally uſeful, Mr, Robert- 
ſn has, indeed, given an ample deſcription of the ſeveral 
parts of the Caſe, but his explanations of their uſes are 
far from being ſo eaſy as might be wiſhed; and he has 
entirely omitted the uſe of the dialling lines on the Sector, 
though he has employed above eighty pages in deſcribing, 
Sc. the gunner's Calipers, which are very ſeldom put 
into Caſes of Inſtruments, and which ſcarcely any, except 
thoſe whoſe occupation leads to it, will ever concern them- 
ſelves about. In conſequence of this, and other things, 
bis book, though to ſome extremely uſeful, is by no means 
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generally /o, not to mention that, being now out of print, it 
ts not eaſily procured. It is true, a ſmall tract, written by 
the late Mr. Martin (an which has been lately repub- 


liſhed), is in general much plainer and more eaſily under- 


ſtood; but; though it is ſaid to contain a deſcription of 
all che lines on the Sector, yet, as four of thoſe lines which 
are always found on the beſt Sectors are ( together with 
ſeveral other things of ſome importance) entirely omitted, 
and as forme parts of it are inapplicable to the Inſtru- 
ments as they are now made, and therefore muſt tend ra- 
ther to perplex than inſtruct; it does not appear, at leaſt 
to me, to be capable of conveying all the information 
which even the generality of thoſe who purchaſe Mathe- 
matical Inſtruments might wiſh to meet with. Whether 
the preſent Publication is better calculated to anſwer that 
purpoſe, the Public, and not its Author, muſt deter- 
nine. He can only ſay, that he has laboured to make it 
eaſy to every Reader; and hopes, among other things, the 
addition of the Dialling Lines will not be unacceptable. 
Dialling itſelf, when properly underſtood, is a very plea- 
fant amuſement, and its neceſſary connexion with ſome of 
the leaſt difficult, but not leaſt important, parts of Geogra- 
phy and Aſtronomy render it fill more ſo. 
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DESCRIPTION, &c. 


PockkEr Caſes of Mathematical Inſtruments 
admit of a very conſiderable variety in reſpe& of 
number, ſize, and workmanſhip, according to the 
fancy or ability of thoſe who purchaſe them ; the 
moſt common ze is either ſix inches or four and a 
half (though the former is more frequently uſed), 
and what is termed a full or complete caſe contains 
the following: viz. three pair of Compaſſes, which are 
uſeful for different purpoſes; à Drawing Pen, a Pro- 
tractor, a Sector, a Plain Scale, a Parallel Ruler, to- 
gether with a Black, Lead Pencil, furniſhed with a braſs 
flatted top called a Feeder; to theſe are ſometimes 
added a pair of Proportional Compaſſes ; the ſeveral 
uſes of all which we are now to explain; and firſt, 


OF THE COMPASSES. 


THz Plain Compaſſes (or, as they are generally called, 
the Dividers) are thoſe whoſe points are not made to 
take out as the points of the Drawing Compaſſes are : 
the uſes of theſe are ſo obvious that they require 
f A 4 | B very - 
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very little explanation : it will naturally occur to every 
one that they may be uſed in meaſuring dimenſions 
or diſtances of every kind, in order to determine 
their difference or agreement, and likewiſe in tranſ- 
ferring them fiom one place to another; and though 
theſe ends might be anſwered equally well by the 
Drawing Compaſſes, with their ſteel points, yet as 
meaſurements are frequently required, while thoſe are 
in uſe for other purpoſes, ſome time and trouble 
will be ſaved by making uſe of the Dividers, eſpecially 
as we are frequently deſirous of retaining one mea- 
ſurement while we take another. In the beſt Caſes 
of Inſtruments the Dividers or Plain Compaſſes are 
ſo conſtructed that one of the ftee] points (befides 
being moveable at the joint) has alſo a motion of. 
its own, by means of a ſcrew which preſſes againft a 
ſpring connected with the point, by which it may 
be achuſted to the greateſt xicety imaginable. When 
they are ſo conſtructed they are denominated Hair 
Compaſſes, from their being capable of adjuſtment 
even to a hair's breadth: theſe will be found parti- 
 cularly uſeful in taking diſtances from the ſcales, as 
it is almoſt impoſſible to ſet the others to ſuch a de- 
gree of nicety. 

The uſe of the Drawing Compaſſes is to draw 
circles and parts of circles, or in general any kind 
of figure compoſed of circular lines; and as it will 
ſometimes be required to draw theſe with ink, and 
at other times with black lead, &c. therefore one 
of the ſtee] points of the Compaſſes is made to take 


out: this is ſometimes effected by looſening a ſcrew 
in 
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in the middle of one of the legs; but in the beſt ſort 
the moveable pieces are made to ſlide in and out by 
means of a ſpringing ſocket, without the trouble of 
unſcrewing. Theſe Compaſſes, beſide the ſteel point, 
are furniſhed with a pen for drawing with ink, and a 
port crayon to contain a lead pencil, and ſometimes 
with a dotting wheel for deſcribing dotted lines, 
though this laſt is not now in much requeſt, princi- 
pally on account of the difficulty of making them act 
well, and are therefore ſeldom found in thoſe Caſes 
of Inſtruments which are fitted up in the beſt manner, 
The two ſides of the ſteel pen may by means of a 
ſcrew be moved nearer to or farther from each other, 
that the lines drawn with them may be either ſtronger 
or finer, according as they are required: both the 
pen and pencil points have a joint of their own, ſo 
that in every opening of the Compaſſes they may be 
ſet perpendicular to the paper which is neceſſary for 
drawing a line well. Beſides theſe two, viz. the 
Drawing Compaſſes, and the plain ones, or Dividers, 
there is a ſmall ſort called Bows, or Bow Com- 
paſſes, which make a part in every good Cafe of In- 
ſtruments; they conſiſt of a ſteel pen and point of a 
ſmall length, which are opened with a joint like the 
other Compaſſes, but are turned round by a handle 
or ſhafr over the joint: they are very uſeful in de- 
Acribing ſmall circles; which cannot ſo eaſily be done 
with the other Compaſſes, and they will frequently 
fave the trouble of exchanging the points in the larger 
Compaſſes when the pencil point happens to be in 
B 2 uſe, 
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uſe. Theſe are ſometimes, but not very often, made 
to hold a black lead pencil. 

The Drawing Pen, fo called, is the ſame as the 
pen or ink point which fits into the Compaſſes, only 
it is furniſhed with a ſtem or handle to hold it by: 
the uſe of it is to draw ſtraight lines; it may like- 
wiſe be uſed in making figures or letters, but the 
common writing pen, if at hand, will anſwer that 
purpoſe much better. The handle of the Drawing 
Pen unſcrews in the middle, where there is a ſteel 
point, which is uſeful either for tracing any draft, or 
for making a fine dot on the paper in order to mark 
where lines are to terminate, or through which point 
they are to be drawn. 

The uſes of the Black Lead Pencil are fo well known 
that nothing need be ſaid on the ſubject; but it may 
be neceſſary to mention that the flat part of the braſs 
top with which it is furniſhed is uſed for ſupplying 
the pen with ink by dipping it into the ink-ſtand, 
and applying the ink thus taken up to the open part 
of the pen, which by this means is made to hold a 
greater quantity of ink than could be taken up by 
dipping the pen itſelf into the ink-ſtand, not to men- 
tion that when the pen is dipped into the ink, it ge- 
nerally adheres moſt to the outſide, and is more 
liable to blot the paper in uſing: on account of this 
uſe of the pencil top it is generally called a feeder. 
The next Inſtrument we ſhall mention is the Par- 
rallel Ruler, the conſtruction of which is ſo ſimple, 
and its uſe ſo obvious, that little need be ſaid about 
it. It will naturally ſtrike every perſon who ſees it, 
ö 3 that 
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that as the two rulers of which it is compoſed are 
connected by two braſs bars of equal length, they 
muſt at all diſtances be parallel to each other, and 
conſequently that nothing more is required in ruling 
any number of parallel lines than to hold one of the 
bars ſteady by preſſing the fingers on it, while you 
move the other to the diſtance required, If it is re- 
quired to draw one or more parallel lines under a given 
line, the Ruler muſt be opened before you begin to 
uſe it; but, if the lines are to be drawn over another 
line, the Ruler muſt be ſhut when you begin to uſe it. 
There is a kind of Parallel Ruler lately invented, 
known by the name of Marquois Parallel Scales, 
and ſometimes making a part of the larger Caſes of 
Inſtruments, by which parallel lines, &c. are drawn 
with great accuracy, a deſcription of which will here, 
after be given, | 


OF THE PROTRACTOR, 


Tk Protractor, ſo called from its uſe in protraft- 
ing or lengthening angles, or rather the lines which form 
them, is made of different materials and in different 
forms ; the moſt common are of braſs, and their form 
that of a ſemi-circle ABC, fig. 1. which form ſeems 
the moſt natural, becauſe on them the diviſions are 
all of the ſame breadth: it is divided into 180 degrees, 
and by a double row of figures numbered to the right 
and left hand of the Protractor, in the middle of the 
ſtraight bar AC, which forms the diameter, is a fine 
notch or line a, marked on the external edge of the 
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bar, which is ſloped off down to the under ſide, and is 
called the fiducial edge, The Protractor, in common 
caſes, is about 4 inches in diameter, but it is eaſy to 
conceive that the ſize would not be material if there 
were no errors in the dividing, nor any likely to hap- 
pen in the uſe of it; but as errors in a larger inſtru- 
ment are leſs in proportion than in ſmaller ones, the 
larger are on that account to be preferred. The uſe of 
the Protractor is two-fold, viz. to lay down any angle, 
or to meaſure an angle already laid down. If it were 
required from the point B, fig. 2, to draw a line 
which ſhould make with the line AB an angle of any 
given number of degrees, as 30 for inſtance, lay the 
fiducial edge of the Protractor exactly even on the 
line AB, with the mark in its centre on the end B 
(from whence the other line is to be drawn). Hold 
the Protractor firmly down on the paper in this ſitua- 
tion, and make a dot on the paper exactly where the 
goth degree falls; which ſuppoſe at a; remove the 
Protractor, and draw the line BD through the point 
or dot, at a, which will make an angle of 3o de- 
grees with the firſt line AB. | 
© 2dly. Suppoſe the lines AB, BD, already drawn, 
and you want to know what angle they make with each 
other, you have only to lay the fiducial edge of the 
Protractor evenly on one of the lines, with the mark 
in the middle on the point B, where they meet, and 

obſerving at the ſame time what degree on the Pro- 
tractor is cut by the other line, you have the quantity 
of the angle ſought; thus if the Protractor be laid 
on the line AB, as before directed, the other line 
BD 


oh 


BD will cut the 3oth degree, which ſhews that they 
make an angle of 30 degrees with each other. It is 
now cuſtomary in the better fort of Inſtrument 
Caſes to make the Protractor and Plain Scale but 
one Inſtrument, in order to make room for the Pa- 
rallel Ruler, which is ſeldom found in the common 
ſorts: it is then generally made of ivory, but ſome- 
times of braſs, the Protractor being on one ſide and 
the Plain Scale on the other; in this caſe the Pro- 
tractor is not in the form of a ſemi- circle, but in 
that of a parallelogram or long ſquare (as it is ge- 
nerally called), like that repreſented iᷣcde within the 
ſemi-circle. Though this form does not ſeem ſo na- 
tural, yet its uſe is the ſame, and the diviſions may be 
laid on as accurately in this form as in the other, for 
it is eaſy to perceive that if from every degree of 
the ſemi-circle ABC lines are drawn toward the 
centre a, they will mark the fame degrees on the 
Protractor bc de, by which any angle may be mea- 
ſured or laid down, as well as from the ſemi-circle it- 
ſel In this form of the Protractor the diviſions 
about the ends will be wider than in the braſs ſemi- 
circular one uſually put into common Caſes, becauſe 
they are made longer (being generally 6 inches in 
length), but they will likewiſe be c/o/er about the 
middle, and conſequently more difficult to ule correttly 
in that part, ſo that after all it may perhaps be queſ- 
tioned whether in this inſtance utility is not facrificed 
to neatneſs and portability. 
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OF THE PLAIN SCALE. 


Tux Inſtrument called a Plain Scale is more pro- 
perly an aſſemblage of different ſcales laid down on a 
ſlip of braſs or ivory (moſt commonly the latter), and 
contains (beſides a Protractor, which in the beſt Caſes 
is generally placed on one of its ſides) as follows: 

iſt, A Diagonal Scale; ad, ſix different Scales 
of equal parts of an inch; 3d, one or more lines of 
chords; 4th, a line of fix inches ſubdivided into tenths 
of an inch; 5th, a line of 50 equal parts. Theſe 
are differently placed in different Caſes of Inftru- 
ments ; in ſome the two latter with the Diagonal Scale 
are on one ſide, and the ſix ſcales of equal parts, and 
a line of chords on the other: but in the beſt Caſes 
of Inſtruments the line of 50 equal parts of a foot, 
and the line of inches, are both omitted to make 
room for the Protractor, which, together with a line 
of chords, makes up one fide of the Inſtrument as 
repreſented 4 c d e, fig. 1. (leaving out the ſemi-circle) ; 
the other ſide contains the fix ſcales of equal parts of an 
inch, with another and ſmaller line of chords, and the 
Diagonal Scale. | 
The uſes of the ſcale of inches, and that of 50-Iocths 
part of a foot which is placed next to it, being the 
ſame here as on all other rules, are ſo eaſy that 
they require no explanation ; theſe, as we have al- 
ready ſaid, are not found on the ſcales contained in 
the beſt Caſes of Inſtruments, nor is their abſence at 
all 
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all to be lamented, as they are both contained with 
lines on the Sector, which is itſelf contained in every 
beſt Caſe, where only they are wanting on the Plain 
Scale; and, as they are ice as long on the Sector, 

they are of courſe more uſeful. 

The ſix different ſcales of equal parts of an inch 
are uſually called Plotting Scales, from their uſe to 
the ſurveyor and architect in drawing plans, &c. 
who by the uſe of theſe ſcales can vary the ſize of 
his drawing, in the ſame proportion as they vary from 
| each other: they are uſually divided into from 30 to 
60 parts of an inch, and the ſeveral proportions of 
the diviſions marked at the beginning of the line. 
There are ten of the ſmall diviſions at the beginning 
of each line, and the remainder of the line is divided 
into ſpaces, which are equal to each other, and 
likewiſe equal to the ſpace which contains the ten 
ſmaller diviſions; the larger diviſions are numbered 
I, 2, 3, &c, and are reckoned as 10, 20, 30, &c. 
becauſe each is equal to 10 of the ſmall diviſions. 
The uſe of theſe ſcales being very ſimple, a ſingle ex- 
ample will ſuffice to explain it (and perhaps even that 
may be to moſt unneceſſary) : ſuppoſe, for inſtance, it 
were required to draw a line equal in length to 34-4oths 
of an inch, you have only to take the line which is 
marked 40 at the beginning, and, placing one foot of 
the Compaſſes on the diviſion marked 3 in the ſame 
line, extend the other foot of the Compaſſes over four 
of the ſmaller diviſions; then, as the points of the 
Compaſſes will take in three of the larger diviſions, 
each of which is equal to 10-40ths of an inch, and like- 

wiſe 
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wiſe four of the ſmaller ones, each of which is 1-40th, 
it is plain that the points of the Compaſſes are open to 
the diſtance of 34-4oths of an inch, and will conſe- 
quently give the length of the line required. It has 
been already obſerved, that the larger diviſions are 
numbered 1, 2, 3, and fo on to 10, which ſtands for 
100, after which the figures begin again; but, as the 
fiſt time they are reckoned as 10, 20, 30, &c. ſo 
the ſecond time they occur they are reckoned as 110, 
120, 130, &c. | 
The Diagonal Scale, which 1s next to be conſidered, 
1s a moſt uſeful invention; by it any line may be drawn 
or meaſured in inches and parts of an inch with great 
facility, and with extreme accuracy. In order that a 
proper idea may be formed of the uſe of this Scale, 
we muſt ſhew the manner in which it is conſtructed : 
Let A, B, E, , fig. 5, be a ſquare inch divided hori- 
zontally by parallel lines into ten equal ſpaces, each of 
which will of courſe be equal to the tenth part of an 
inch; divide the upper and lower lines likewiſe into 
ten equal parts marked 1, 2, 3, &c.; then, from A at 
the beginning of the upper line, draw a line to 1 at the 
lower line, another from 1 at the top to 2 at the bot- 
tom, and ſo on to the end, and the Diagonal Scale is 
thus completed. Now as the diagonal Jines, in their 
progreſs from the top to the bottom, paſs over the ten 
horizontal lines, and gain in the whole of their paſſage 
1-10th, or 10-100ths of the 2whole inch, ſo as to be fo 
much more diftant from the line AC at the lower end, 
than they are at the top, and as 1-1oth of this is 
gained at every horizontal line, it follows that the firſt 
diagonal 
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diagonal line, when it croſſes the firſt horizontal line, 
will be 1-100th of an inch diſtant from the line AC, 
at the ſecond horizontal it will be 2-1ooths, at the 

third 3, and ſo on; in like manner the ſecond diago- 
nal line 1, 2, when it croſſes the firſt horizontal line, 
will be 1-10th of an inch and 1-10oth diſtant from 
the line AC, which is equal to 11-1ooths of an inch; 
when it croſſes the ſecond horizontal line it will be 
 12-100ths, and ſo of all the reſt. 

In long Diagonal Scales it is uſual to divide a whole 
inch, as in the figure; and it is ſo done here in order to 
help the eye, and make the nature of its conſtruction 
as plain as poſſible : but on the fix inch Scales, ſuch 
as are uſually put into Caſes of Inſtruments, inſtead of 
an inch being thus divided by diagonal lines, it is uſual 
to put a half inch ſo divided at one end, and a quarter 
of an inch at the other; the ſpace between them is 
divided at the top into ſpaces of half an inch each, and 
at the bottom into ſpaces of a quarter of an inch, the 
former to be uſed with the half inch diagonal diviſions, 
and the latter with thoſe of the quarter of an inch: one 
hundredth part of the former, therefore, gives the 
2-100th of an inch, and one of the latter the 4-100th, 
which is a degree of nicety beyond which n of 
this kind can ever be required. 

From what has been ſaid it is apprehended that the 
uſe of the Diagonal Scale will be tolerable eaſy ; but, 
if any difficulty ſhould remain, an example or two will 
effectually remove it. 

Thus, ſuppoſe it was required to take off 2 ded 


and 35-1coths ; if the half inch Diagonal Scale is uſed, 
you 
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you muſt take double the number of hundredths from 


the Scale, which is 70, as 70 hundredths on this Scale 
are only equal to 35-100ths of an inch; now as there 


are no odd hundredths required, take the uppermoſt 


line, and, placing one foot of the Compaſſes at 4, or 
the fourth principal diviſion at the top (which is 4 half 
inches from the diagonal diviſions), extend the other 
along the ſame horizontal line to the 7th diagonal, 
which will give the length required, the 4 half inches 
being equal to 2 inches, and the 7-1oths, or 70-100ths, 
being equal to 35-100ths of an inch. 

Again, ſuppoſe a line of 3 inches and 43- looths 
were required, double the hundredths as before, which 
in this caſe will be 86; but, as there are now 6 odd 
hundredths, inſtead of uſing the uppermoſt line as be- 
fore, you muſt take the 6th below it, and, placing one 
foot of the Compaſſes on that line, under the figure 6 
(which is 3 inches from the diagonal diviſions), extend 
the other to the 8th diagonal on the ſame line, which 
will give the length required, the 8 whole ſpaces be- 
tween the diagonal lines being equal to 80- 100ths, 
and the remaining ſpace between the firſt diagonal and 
the vertical line AC being equal (as before explained) 
to 6-100ths. 

When the Diagonal Scale at the other end is made 
uſe of, as it contains only half the former ſpace, viz, 


one quarter of an inch, it is obvious that one hun- 


dredth part of that will be only equal to the 4-1 0th part 
of an inch, and ſo in proportion. 


The laſt line we have to notice on the plain Scale is 
the line of chords, the conſtruction of which will be 


explained 
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explained when we come to treat of the Sector; at 
preſent we ſhall confine ourſelves to its w/e, There 
are generally two lines of chords on the beſt Scales, 
viz. one at the end of the uppermoſt line of equal 
parts, and one on the other ſide, with the Protractor, 
as already mentioned; theſe are taken from circles of 
different radiuſes, as may be known by taking the 
length of the chord of 60 degrees, that being always 
the ſame with the radius, or ſemi- diameter, of the cir- 
cle from whence the chords are taken. Their uſe is 
the ſame with that of the Protractor, viz. to lay down 
or meaſure angles; and, though the latter has, in ſome 
caſes, the advantage in point of expedition, yet where 
accuracy is required the line of chords is moſt frequent- 
ly uſed, 

Suppoſe it were required to draw a line DB, fig. 2, 
which ſhould make an angle of 30 degrees with the 
line AB, having ſet one foot of the Compaſſes at the 
beginning of the line of chords, extend the other to 
60 degrees, and, with the ſame opening of the Com- 
paſſes, place one foot in B (the point from whence the 
other line is to be drawn), and with the other deſcribe 
a portion of a circle, as a4; then ſetting one foot of 
the Compaſſes as before at the beginning of the line 
of chords, extend the other to 30 degrees; then, plac- 
ing one point at &, make a dot where the other point 
falls on the circle, which ſuppoſe at a; draw a line 
from B through this point, and it will make with AB 
the required angle. 

Or, ſuppoſe the lines already drawn, and you are to 


find out what angle they make with each other; take 
| the 
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the chord of 60 deprees from either of the lines of 
chords, as before, between the points of the Com- 
| paſſes, and, placing one foot on B, where the two lines 
meet (which we now ſuppoſe to be already drawn), 
deſcribe part of a circle as before directed; then taking 
the arch, or that part of the circle, which is between 
the two lines, as @ b, in the Compaſſes, it will be found 
to meaſure 30 degrees on the line of chords, and thus 
the quantity of the angle is ſhewn. | 


OF THE CONSTRUCTION AND USE OF 
THE SECTOR. 


Taz Sector is a moſt valuable inſtrumeut; its ex- 
tenſive uſe in finding out, or laying down, proportions 
of different kinds has given it, among the French, the 
title of the Compaſs of Proportion : it not only con- 
tains all the lines uſually laid down on the Plain 
Scales, &c. but the peculiar advantage of its con- 
ſtruction is, that, inſtead of being confined to one par- 
ticular radius, as on the Plain Scales, the lines of 
chords, fines, tangents, &c. may be adapted to any 
radius between the length and breadth of the Sector 
when opened. | 

The lines, or ſcales, which the Sector uſually con- 
tains are, 

iſt, Two lines of lines, or equal parts, marked L at 
the end, and one on each leg of the Sector, reaching 
from the centre to the ends of the inſtrument; theſe are 
each of them divided into a hundred parts, and marked 


at every tenth diviſion, 1, 2, 3, &c. to 10; theſe 
| 5 . hundred 
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hundred parts are likewiſe generally ſub- divided into 


halves. 
2d, Next under as es oa 


marked SE. at the ends; theſe do not reach to the 
centre, but commence at the 2 = degree of the line 
of equal parts. 

zd, Under the ſecants are two lines of chords reach- 
ing from the centre, and marked C. at the ends; theſe 
are divided and ſubdivided like the line of lines, 
only the diviſions are wider, and inſtead of being num- 
bered 1, 2, 3, they are numbered 10, 20, to 60. 

4th, Neareſt to the inſide of each leg there are two 
lines of polygons marked POL. ; theſe fall very ſhort 
of the- centre, and are numbered from 4 to 12, the 
higheſt number being (contrary to all the other lines) 
toward the centre of the inſtrument. Theſe are all 
contained on one ſide of the Sector. 

5th, On the other there are two lines of ſines reach- 
ing from the centre, marked S. at the ends, and 
numbered at every 10th diviſion, 10, 20, &c. to 90; 
theſe are likewiſe uſually ſubdivided into halves as 
far as to 70 degrees, after which the diviſions become 
too cloſe to admit of it. | 

6th, Under theſe on each leg there are two lines of 

tangents; the lower ones reaching from the centre of 
the Sector are marked T. at the ends, and numbered 
every ioth diviſion from 10 to 45, which ends the 
line; the diviſions are likewiſe ſubdivided into quar- 
ters. The upper tangent” lines are marked TA. 
at the ends; theſe do not begin at the centre, but at 


ſome diſtance from it, and are numbered from 45 
o 
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to 75; theſe laſt are ſometimes called leſſer tangents, 
as being the tangents of a leſſer circle than thoſe be- 
low them. Theſe are all the lines that properly belong 
to the Sector, being all that are to be uſed Sectorwiſe: 
but beſide theſe there are certain lines called Gunter 
lines, from their being firſt invented by Mr. Edmond 
Gunter; they conſiſt of a line of artificial tangents 
marked TAN. another of artificial fines marked SIN. 
and one of artificial numbers marked NUM. : the 
laſt of theſe is continued the whole length of the 
Sector when it is opened (as it always is when any of 
theſe lines are uſed), but the lines of fines and tan- 
gents are ſhortened by the croſſing of the ſectoral 
lines; they are drawn on the ſame fide of the Sector 
with the natural fines and tangents : on the other ſide 
is a line of inches the ſame as on a common rule, 
and by it, on the outſide edge, is frequently a ſcale of 
a foot divided into 100 parts. The beſt (or what are 
called full divided) Sectors likewiſe contain, in addition 
to all theſe, a line of inclined meridians, a ſingle line of 
chords, a line of latitudes, and a line of hours, which are 
placed on the other ſide of the Sector near the joint. 
We ſhould now proceed to explain the uſes of 
' theſe ſeveral lines, but as a very imperfe& idea will 
be formed of their uſe unleſs their conſtruction is firſt 
underſtood, we ſhall now ſhew their generation from, 
and their relation 7, the circle, from whence they all 
originate. 
From the point D, fig. 6, as a centre, deſcribe the 
Quadrant, or quarter of a circle, CHB, and divide it 
into 9 equal parts, numbering them 10, 20, &c, then 


(£47 03 | 
will each diviſion anſwer to 10 degrees, and the 


Quadrant be divided into go degrees. If from the point 
B a right line be drawn to any part of the Quadrant, 
this line is called the Chord of that arch; thus the line 
BH is the chord of 60 degrees: and if the diſtance 
of the ſeveral diviſions of the Quadrant from the 
point B be taken with a pair of compaſſes, and 
transferred to the ſaid line BC (as in the figure), it will 
be divided into a line of chords anſwering to every 
diviſion of the Quadrant. In this manner the lines 
of chords on the Sector (as well as on the Plain Scale) 
are formed from a circle, whoſe radius is equal to 
the chord of 60 degrees, for if the length of the 
chord BH be meaſured, it will be found equal 
to the radius DB, or DC. Note, the ſingle lines of 

chords, whether on the Sector or plain ſcale, are always 
extended to go degrees; but the double lines of chords 
on the Sector are only extended to 60 degrees, the 
length of the Sector (when ſhut) being the radius of 
the circle from whence the chords are taken, as it is 
| likewiſe of the ſines, tangents, &c. The tangent of 
45 degrees, the ſine of 90, and the chord of 60, 
being all equal to each other and to the radius, for 
which reaſon the chords on the Sector end at 60, the 
larger tangents at 45, and the ſines at 903 all which 
will be plain from the figure. 

From the points 10, 20, 30, &c. on the n 
draw right lines parallel to BD, till they touch the 
line CD, then will CD be divided into a line of fines, 
ſuch as on the Sector. Draw BT perpendicular to 
BD, and touching the . Quadrant at B, and it will 


C form 
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form a tangent, ſo called from its touching the circle 
without cutting it ; and if you lay a rule from the cen- 
tre D, over the ſeveral points marked 10, 20, &c. on 
the Quadrant, and draw right lines till they interſect 
the line BT, then will BT be a line of tangents : and 
as the lines ſo drawn from the centre D till they 
reach the tangent line are called ſecanis of their re- 
ſpective arches ; if their lengths from D are transferred 
by the compaſſes to the line CA, it will be a line of 
ſecauts. ot 
The lines of lines on the Seftor, are formed by di- 
viding the radius into a hundred equal parts. | 
The lines of leſer tangents marked TA. are con- 
ſtructed in the ſame manner as the larger, only from 
a ſmaller circle: (therciore the radius or 45 degrees is 
much nearer to the centre of the inſtrument) and begin- 
ning at 45 degrees, where the larger end, are conti- 
| nued to 75 degrees or upwards. . 
Me have already obſerved tad the lines are laid 
on the Sector by pairs, viz. one on each leg; they all 
| | wg from the ſame centre, and every pair of lines 
| make the ſame angle: and this being the caſe when 
| the Sector is ſhut up, it muſt neceſſarily be the 
| fame in every degree of opening, ſo that to whatever 
angle the lines of lines, for inſtance, are opened, to 
the ſame angle are the lines of fines, and all the reſt 
opened. It is further neceſſary to obſerve, in order 
to underſtand not only the conſtruction of the ſeveral 
lines, but likewiſe the principle of the Sector itfelf, 
that as the lines on it recede from each other, as 
they proceed from the centre, ſo the diſtance between 
19 Y - any 
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any two figures of the fame denomination in any pajr 
of lines, muſt always bear an exact proportion to their 
diftance from the'centre : for example, let AB, AC, 
fig. 4, repreſent any two lines on the Sector, it is evident 
that as the part A 2, on either of the lines, is twice 
as long as A 1, fo is the dotted line drawn from 2, 
or one line to 2 on the other, twice the length of thar 
from 1 to 1; and, for the ſame reaſon, the dotted 
line from 3 to 3, is three times as long as that 
from 1 to 1, becauſe the two points from whence 
it is drawn are ſo many times as diſtant from the 
centre A, So that the proportions will be always the 
fame, whether they are taken laterally or parallel-wiſe ; 
and therefore, though the lateral ſcales of chords, ſines, 
tangents, &c. are of one determined length, being all 
(except the ſecants) to one radius, yet the parallel ſcales 
are variable, and may be had to different radiuſes; and 
herein conſiſts the excellence of the Sector beyond that 
of the Plain Scale, as we ſhall ſee in the following ex- 
amples. 

As the terms lateral and parallel will frequently 
occur, if the reader is not already apprized of their 
meaning, it will be neceſſary to inform him, that the 
term lateral is applied to any diſtance taken lengthwiſe 
of the Sector; that is, avith Soth points of the Com- 
paſſes on the ſame leg; and that the term. parallel is 
applied to any diſtance taken croſs-wiſe, or with one 
point of the Compaſſes on each leg; of courle the diſ- 
tances A 1, A 2, A 3, are /ateral diſtances, but thoſe 
of Ly 1. 2,2. 33: are parallel diſtances, 
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"USE OF THE LINES OF LINES, on i 1 


PARTS. _ 
iſt. To divide a given line into any number of 


equal parts, ſuppoſe 7, take the given line in your 
Compaſſes, and ſetting one foot in a diviſion of equal 
parts that may be divided by 7 (as 70, for example), 
open the Sector till the other point falls on 70 in 
the other leg; or, in other words, make the length 


of the propoſed line a parallel diſtance from 70 to 


70, on the Lines of Lines marked L, and then while 


the Sector remains in that poſition, take with the 


Compaſſes the parallel diſtance from 10, to 10, and 


(as 0 is the 7th part of 70) it will give the 7th 
part of the line to be divided. - 

2dly. The Lines of Lines are likewiſe uſed i in finding 
numerical. proportions ; thus, ſuppoſe the 3 numbers 
10, 15, and 20 were given, and it were required 


to find what | is called a 4th proportional, that i is & 


number which ſhall bear the fame proportion to the 
zd that the 2d does to the 1ſt, take the 2d term 
or number lateral, by placing one foot of the Com- 
paſſes at the beginning of the line, and extending the 
other to 15; then apply the points ſo opened pa- 
rallel-wiſe from 10 to 10 (the, firſt number), by a 
proper opening of the Sector; then, while the Sector 
remains thus opened, take with the Compaſſes the 
parallel diſtance from 20 to 20 (the zd number), 
and it will reach laterally from the centre to 30, which 
is the 4th: proportional required, for 30 is to 20 as 
15 to 10. It is neceffary to obſerve here, that the 
numbers 1, 2, 3, &c. 2 ſtand for 10, 20, 30, 
&c. 
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&c. as there are 10 diviſions between each of then, 
but they may likewiſe be taken for 1, 2, 3, &c. or 
100, 200, Zoo, or for thouſands, as occaſion may re- 
quire: thus, ſuppoſe it were required to find a 4th 
proportional to the numbers 8, 32, 70, take as before 
the 2d number lateral (reckoning by diviſions), then 
apply this parallel to the firſt number. But as the 
Sector will not admit of being opened wide enough 
to make a. parallel at the 8th diviſion, we muſt now 
count by figures, and take the parallel from 8 to 8, 
which, inſtead of ſtanding for 80, muſt now only ſtand 
for 8, the decimal or 10th. part of 80; then take the 
parallel of the 3d number at the figure 7, which 
now ſtands for 70 as uſual, and that diſtance will 
reach laterally to the 28th diviſion; but as 10 times 
the value of the firſt term or number was taken by 
reckoning 80 only as 8, ſo the amount of the 4th 
term muſt be multiphed by 10, rn will make 280, 

the number required. 5 
3dly. As all queſtions in ' multiplication and 48 
ſion are reducible to proportions, we may, if occaſion 
require, both multiply and divide by the Sector: thus, 
to multiply by the lines of equal parts, take the late- 
ral diſtance from the beginning of the line to the given 
multiplicator, make it a parallel diſtance at 1 and 1, 
or 10 and 10, and keeping the Sector in that diſpoſi- 
tion, take the parallel diſtance of the multiplicand, which 
meaſured laterally will give the product: thus, ſup- 
poſe it be required to find the product of 8 multiplied 
by 4, take the lateral diftance from the centre to 4, 
then open the Sector till you fit this lateral diſtance to 
C 3 the 
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the parallel of 1 and 1, or 10 and 1G; then take the 
parallel diſtance of 8 (the multiplicand), which will 
meaſure laterally to 32, the product required. 
4thly. To: divide by the line of equal parts, extend 
the Compaſſes laterally from the beginning of the 
line to 1, and open the Sector till you fit that ex- 
tent to the parallel of the diviſor, then take the paral- 
lel diſtance of the dividend, which, meaſured laterally, 
will give the quotient. Suppoſe, for example, you 
want to divide 36 by 4, extend the Compaſſes late- 
rally from the beginning of the line to 1, and open 
the Sector till you fit that extent to the parallel of 4 
(the diviſor), then with the ſame opening of the Sector 
take the parallel of 36 (the dividend), and that ex- 
tent, meaſured laterally, will reach to 9, the . 
required. 

As there are two or more lines on every different 
ſcale, between which the diviſions are drawn, it may 
be proper to obſerve, that in uſing the Sector the infide 
lines only are to be taken, as they andy are in a direct 
line with the centre of the inſtrument. 


USE OF THE LINES OF CHORDS. 


1ſt. To draw two lines, making with each other any 
given angle, ſuppoſe 3o degrees, having drawn one 
line, as BA, fig. 2, open the Sector to any degree 
you pleaſe, and taking the parallel diſtance from 60 
to 60 on the Lines of Chords marked C, with that 
extent of the Compaſſes, place one foot on the point 
where the lines are to meet as at B, and with the 
other 
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other deſcribe part of a circle, as 45, reaching from 
the line firſt drawn as far as where you gueſs the other 
line will fall, or farther ; then with the ſame opening of 
the Sector take the parallel diſtance from 30 to 30 
on the Lines of Chords, and placing one foot of the 
Compaſſes at i,, where the cirele touches the line AB, 
make a mark at that part of the circle where the 
other foot falls, which ſuppoſe at @, and drawing a 
line from B through that point, the two lines _ 
and BD, will make the angle required. 

2dly, Suppoſe the lines already drawn, and you 
want to find by the Sector what angle they make with 
each other, open the Sector as before to any degree 
you pleaſe, and take the parallel diſtance from 60 
to 60 with the Compaſits ; then placing one foot on 
the point B where the two lines meet, make a mark 
on each of the lines where the other ſoot falls, which 
ſuppoſe at @ and 5; take the diſtance between the 
points 4 b, and applying it p#ra/le! on the Sector, re- 
maining open as before, it will reach from 30 to 30 
and thus you have the quantity of the angle as de- 
ſired. ä Ro | Wt 
3dly, But as the two legs of the Sector may be 
opened to any angle whatever, we have hence a very 
ſimple and expeditious method of meaſuring or laying 
down any angle by the Sector, which in this caſe may 
be made to anfwer the double purpoſe of a Protractor 
and Ruler. But here it muſt he obſerved, that every 
pair of lines on the Sector (and that of the Chords 
among the reſt) make an angle of 5 degrees on the 


6-inch Sector when /but, and therefore in laying down 
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an angle by the ſides or edges of the Sector, you muſt - 
open the Lines of Chords 5 degrees more than the 
angle intended to be drawn, and in meaſuring the 
fame number of degrees muſt: be dedu#ed from the 
extent given by the Sector. Thus to lay down an 
angle, ſuppoſe of 30 degrees, to the 30 degrees in- 
tended to be laid down add 5, which will make 35 ; ex- 
tend the Compaſſes laterally from the centre to 35 on 
the Line of Chords, and open the Sector till the points 
of the Compaſs ſo opened reach from 60 to 60 ; and 
the ſides of the Sector being then opened to 30 de- 
grees, any lines drawn with the pen or pencil by them 
will make the required angle; in doing which you 
may make uſe of the two outſides, or the two inſides 
of the Sector, or one of each, as ſuits your purpoſe. 
To meaſure an angle by the ſides of the Sector, 
open them till any two of the edges correſpond with 
the two lines forming the angle, then with that open- 
ing take the parallel diſtance from 60 to 60, and it 
will give, if meaſured laterally, Juſt 5 degrees more than 
the meaſure of the angle. 

It is proper to mention that the angle made by the 
ſectoral lines when the Sector is ſhut, is not always 
exactly 5 degrees, but is ſometimes more and ſome- 
time 1%; in order therefore to know how much to add 
or deduct in uſing the Sector as above directed, it 
will be neceſſary, 1 in the firſt place, to take the diſtance 
from 60 to 60 on the Lines of Chords (the Sector be- 
ing ſhut), and the diſtance meaſured laterally on either 
of the fame lines will give the quantity of the angle 


to be added Mm in * uſing It, qe 
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USE OF THE LINES OF SINES, TANGENTS, 
AND SECANTS. 


We have already obſerved, that by the very nature 
of the Sector we can obtain a parallel to any radius 
not exceeding the whole length of the Sector when 
opened, ſo that, having a radius given, we eaſily find the 
Sine, Chord, &c. belonging to it: thus, if the chord, 
ſine, or tangent of 30 degrees, to a radius of one inch 
and half were required, the reader will recollect that 
the chord of 60 degrees, the tangent of 45 degrees, and 
the ſine of go degrees, are all of them ſeverally equal 
to the radius of the circle from whence they are taken; 
and that as every pair of lines contains the ſame angle 
(viz. 5 degrees) when the Sector is ſhut, to whatever 
angle any one of them is opened to the ſame are all 
the reſt opened; hence you have only to open the See- 
tor till the diſtance between 60 and 60 on tae lines 
of chords is equal to an inch and a half, and all the 
lines and diviſions of chords, tangents, and fines on the 
Sector will correſpond with that radius; therefore if, 
with the Sector thus opened, you take the parallel diſ- 
'tance between 3o and-3o on the lines of tangents, 
and apply it to fig. 6, where the radius is 1 inch and a 
half, it will give the length of a tangent of 30 degrees. 
If you take in like manner the parallel of 30 on the 
lines- of ſines, it will give the ſine of 3o degrees to 
the ſame radius; and fo of the reſt. The lines of 
ſecants however, marked SE. and likewiſe the leſſer 
tangents marked TA. though they contain the fame 
angle with all the other lines, do not correſpond 
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with them as to the radius, being taken from a ſhorter 


one, viz. one of 1 inch and half (inſtead of 6 inches, 
as the reſt are), and therefore they both begin at that 
diſtance from the centre of the Sector. In uſing theſe two 
lines the radius is to be taken from the beginning and 
not from the end, as in the lines of fines, chords, and 
larger tangents; ſuppoſe therefore it were required to 
find the tangent of 60 degrees to a radius of an inch 
and half, in this caſe as the larger tangents, or thoſe 
marked T. end at 45 degrees, the lines of /zſer tangents, 
marked TA. muſt be uſed; and therefore, taking an inch 
and half in the Compaſſes, open the Sector till the two 
points fall on the beginning of both the lines of leſſer 
tangents ; then take th parallel diſtance from 60 de- 
grees to 60 degrees in the fame line, and it will give 
the tangent required, as will be ſeen by applying the 
Compaſſes to fig. 6, where they will meaſure 60 de- 
grees on the line of tangents. 

If it were required to find the ſecant of 60 degrees 
to a radius of 1 inch and half, make the radius a paral- 
lel diſtance at the beginning of the 2 lines of ſecants 
marked SE. and taking the parallel of 60 and 60 on 
the ſame line, it will give the length of the ſecant re- 
quired. 

But the above lines are not always uſed ſingly ; the 
lines of ſines, tangents, and ſecants, are uſed in con- 


junction with the lines of lines in ſolving the different 


problems of plain trigonometry; thus, in the triangle 
A, B, C, fig. 3, which 1s right angled at C, if the 
ſide BC be given equal to 260, and the angle at B 
equal to 33 degrees and 35 minutes, it is required to 

. find 
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find the fide AC. Here, if we ſuppoſe the line BA 
to be the radius, AC will be the fine of the angle 
A, B, C, or if we make BC radius, the line CA 
will be the tangent; ſuppoſe then BA to be the ra- 
dius, and CA a fine, to find it you uſe the lines of 
ſines in conjunction with the lines of lines as follows: 
take the lateral diſtance of 260 on one of the lines of 
lines (reckoning the figures 1, 2, 3, as hundreds, and 
conſequently every diviſion as 10, for otherwiſe they 
will not extend ſo far as 260); then as the angle at B 
is 33 degrees 35 minutes, that at A muſt be 56 de- 
grees 25 minutes, for in every right-ang/ed triangle the 
two leſſer angles taken together are equal to one right 
angle or go degrees; or in other words, in every 
triangle whatever the ſum of the 3 angles taken toge- 
ther is always 180 degrees; make therefore the faid 


lateral diſtance of 260 a parallel diſtance at 56 degrees 


25 minutes on the lines of ſines, then the parallel diſtance 


of 33 degrees 35 minutes will meafure laterally (rec- 
koning as before) 173 on the lines of lines for the 
length of AC. 

But if, inſtead of BA, we make BC radius, then the 
line CA is a tangent, and its length may be found 
by uſing the tangent lines in conjunction with the 
lines of lines: thus, take the diſtance 260 as before, 
and make it a parallel diftance at the tangent radius, 
viz, from 45 degrees to 45 degrees, then with the 
ſame opening of the Sector take the parallel of 33 
degrees 35 minutes, on the fame lines of tangents, and 
that diſtance will meaſure laterally on the lines of 
lines 173, which 1s the length of the line AC. | 
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In like manner the ſide CA, and the two angles at B 
and A being given, you find the length of the line BC, 
which is either the /ine or tangent of the angle B, C, A, 
according as you take either AB or CA for the ra- 
dius; let AB be conſidered as radius, in that caſe 
the line BC is a fine, and you find it thus: take the 
line AC equal to 173 laterally, on the line of lines, 
and make it a parallel diſtance at 33 degrees 35 mi- 
nutes on the lines of fines, then the parallel of 56 de- 
grees 25 minutes, on the ſame lines, will give 260 
for the line BA. 

Laftly, to find the Hypothenuſe or longeſt ſide of 
the triangle ABC (the baſe BC, and the angles at 
B and A being given); here, if we conſider BC as 
the radius, then the line BA is the ſecant of the angle 
B; and to find it uſe the lines of ſecants in conjunc- 
tion with the lines of lines: thus, take the diſtance of 
260 laterally on the lines of lines, and make it a pa- 
rallel diſtance at the beginning of the lines of ſecants, 
and the parallel of 33 degrees 35 minutes on the ſame 


lines, will give 320 on the lines of lines for the fide 
BA. 


USE OF THE LINES OF POLYGONS. 


The laſt of the ſectoral lines we have to notice are 
the lines of Polygons marked POL. The word 
Polygon ſignifies, in general, a figure of many equal 
ſides, and they are particularly called Pentagons, Hexa- 
gens, &c. according to the number of their ſides; and 
as the angles formed by the ſides are all of them equi- 

diſtant 
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diſtant from one common centre, they are therefore 
bounded by, or deſcribed within, a circle. We have 
before obſerved that the' chord of 60 degrees is equal 
to the radius or ſemi-diameter of the circle. When, 
therefore, you are to deſcribe a Polygon containing 
any number of ſides, from 4 to 12, you are to open 
the Sector till the parallel diſtance between 6 and 6 
on the line of Polygons is equal to the radius of the 
circle, within which the Polygon is to be inſcribed, 
and then taking the parallel diſtance between the two 
figures, which anſwer to the numbe: of ſides the Po- 
lygon is to have, it will give the length of each fide: 
thus, ' ſuppoſe you were to deſcribe an Octagon, open 
the Sector till the parallel diſtance between 6 and 6 is 
equal to the radius of the circle within which the Po- 
lygon is to be inſcribed, and then the parallel diſtance 
between 8 and 8 on the ſame lines will be the length 
of each ſide of the Octagon. 

. . Theſe are all the lines called Seo7el, or that are to be 
uſed Sector-wiſe; but, beſide theſe, there are the lines 
called Gunter's, which have been already mentioned, 
which are three in number, viz. the line of numbers, 
the line of ſines, and the line of tangents; they extend 
nearly the whole length of the Sector, which when 
they are uſed is to be opened to its full extent like a 
common rule; theſe are called artificte! lines, becauſe 
they are only the logarithms, or proportions of the 
natural numbers, ſines, and tangents, laid on lines 
of ſcales: the manner of conſtructing them cannot be 
eaſily explained to thoſe who are unacquainted with 


the nature of logarithms, and will be eaſily compre- 
hended 
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hended by thoſe who are; but the manner of uſing 
them will admit of an eaſy explanation, and they will 
in a very ſimple manner give anſwers to the ſeveral 
queſtions in, the foregoing examples, as well as many 
others. Mr. Martin, in explaining the principles on 
which they are uſed, obſerves that Logarithms are 
only the ratios of numbers, and the ratios of all pro- 
portial numbers are equal; and all queſtions in Mul- 
tiplication, Diviſion, the Rule of Three, Trigono- 
metry, &c. are ſtated in proportional terms, or num- 
bers; hence the general method of uſing them is as 
follows: | 

Suppoſe it were required, as before, to find a 4th 
proportional to the numbers 10, 15, 20, the method 
of finding it by the Sectoral lines of numbers has been 
already explained; to find it by Gunter's line of num- 
bers, marked NUM. open the Compaſſes till the 
points take in the diſtance between the 1ſt and 2d 
numbers or terms, and then the ſame opening of the 
Compaſſes will reach from the 3d term or number to 
the 4th. Thus, for example, in the numbers given, 
10, 15, 20: if you place one foot on 10, and extend 
the other to 15 in the line of numbers, and then with 
the ſame extent place one foot on 20, the other will 
reach to 30, the number required. It may here be 
neceſſary to obſerve, that on the line of numbers the 
figures begin at 1 and are continued to 10, after 
which they begin at 1 again, and go on as before at 
the ſame diſtance as in the firſt row. If the figures in 
the firſt row are conſidered as units, thoſe in the ſe- 
cond muſt ſtand for tens; or, if thoſe in the firſt 
| ſtand 
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ſtand for tens, thoſe in the ſecond will be hundreds, 
and fo on; and hence it is obvious why the diſtances 
of the ſeveral figures, &c. in both rows, anſwer to 
each other, there being the ſame proportion between 
2 and 3, for inſtance, as between 20 and 30, or 200 
and 300, &c. ſo that if it were required (as before in 


the examples of Sectoral lines) to find a 4th propor- 


tional to the numbers 8, 32, 70, extend the Com- 
paſſes from 8 to 32, when, on placing one foot of the 
Compaſſes on 70, in order to find the 4th term or 
number, you will find the other reach beyond the end 
of the Sector; let therefore the figure of 7 in the firſt 
row be called 70, and placing one foot of the Com- 
paſſes on it, the other will reach to 28; but as 7 was 
called 70, ſo 28 muſt now be called 280, which is 
the 4th proportional required, for 280 is to 70 as 
32 to 8, Gunter's lines of fines and targents may 
likewiſe be uſed in conjunction with the line of num- 
bers, and the ſame problems ſolved by them as by the 
Seftoral lines of numbers, ſines, and tangents, before 
treated of. For example: let it be required to find 
the line AC, fig. 3, the line BC and the angle at B 
being given as before, take the diſtance from the ra- 
dius 45, or end of the tangent line marked TAN. to 
33 degrees 35 minutes on the ſame line, and then 
placing one foot of the Compaſſes at 260 on the line 
of numbers, marked NUM. the other will reach to 
173 for the line CA. Here we have conſidered CA 
as a tangent, but if BA were the radius, and CA con- 
ſequently a ſine, its length may be found by the line 
of {ines, in conjunction with that of the numbers: thus, 

take 
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take on the line of fines, SIN. the extent from 56 
degrees 25 minutes, to 33 degrees 35 minutes (the 
angle at B), and then placing one foot of the Com- 
paſſes at 260, on the line of numbers, the other will 
fall on 173 as before. In this manner may the ſeveral 
parts of the triangle be found, even in.a more ready 
and ſimple manner than * the uſe of the n 


lines. 


OF THE DIALLING LINES ON THE 
SECTOR, v1z. 


THE LINE OF INCLINATIONS OF MERIDIANS, LINE OF 
CHORDS, LINE OF LATITUDES, AND LINE OF HOURS, 


Theſe lines, as well as thoſe laſt mentioned (viz. 
Gunter's), are placed /ingly on the Sector, but are 
not extended like them from one leg to the other, 


being the ſhorteſt lines of any on the Sector, as the 


two longeſt only reach half the length of the leg; 
they are all placed on the contrary ſide to the Gun- 
ter's lines, and are marked IM. or IN. MER. for In- 
clinations of Meridians; Cho. for Chords, Lat. for 
Latitudes, and Hou. for Hours: we have already 
obſerved that they are not on every Sector (as all the 
reſt are), but only on the better ſort, or thoſe which 
are termed full divided, 
That the uſe of theſe lines may be more eaſily 
underſtood, it will be neceſſary to ſhew how they are 
conſtructed. In order to this, deſcribe a circle 
A, B, C, D, fig. 7, and divide it into four equal parts 
by the lines CEA and BED; then divide the Quadrant 
CD 
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Cb into go equal parts, and draw lines from every divi- 
ſion to the line CE. Theſe lines (which muſt be drawn 
parallel to DE and perpendicular to CE) will divide 
CE into the line of ines as before explained. The 
ſines are of themſelves of no uſe in Dialling, but they 
are of uſe in drawing the line of /atitudes; for if you 
lay a ruler on the point D, and over the ſeveral divi- 
ſions on the line of fines, draw lines till they cut the 
Quadrant CB, in a 5 c d, &c. and they will divide it 
into go unequal parts. Draw now the line CGB, and 
placing one foot of the Compaſſes in B, transfer the 
| ſeveral lengths or diſtances B a, B 5, Be, &c. to the 
line CGB, and it will be a line of Latitudes, which 
' muſt be numbered from B. Note, though this line 
is divided into go degrees, yet both in the figure and 
on the Sector it is only numbered to 60 or 70, the 
figures 80 and go being omitted for want of room. 
Draw the line FH, with its extremities, equally diſ- _ 
tant from the centre of the circle E, and, touching the > 
circle in the middle at the figure 3, divide the Qua- 
drant AD into ſix equal parts, and number them 1, 2, 
3, &c. and through theſe ſeveral diviſions draw lines 
from the centre of the circle to the line FH, and it 
will be a line of ſix hours, which by the ſame rule may | 
afterwards be divided into quarters, &c. | 
Next draw the line IH ſimilar to FH ; divide the | 
Quadrant BA into go equal parts, and draw lines from 1 
the centre of the circle through the ſeveral diviſions 0 


in the Quadrant to the line IH, and it will be a line 
of inclinations of the meridian, As to the line of 
D chords, Af 
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chords, it is formed as before directed, page 22, and 
therefore need not be again deſeribed. 
From conſidering the figure, the reader will readily 
perceive that the line of latitudes and that of chords, 
each being of 90 degrees, and contained within a 
Quadrant of the ſame circle, mut be of the fame 
length (as is the caſe on the Sector), but the diviſions 
of the former are much more unequal, the diſtances de- 
creaſing as the numbers increaſe much more ſenſibly 
than on the line of chords. It is likewiſe evident why 
the line of hours and the line of inclinations of meridians 
are of the ſame length on the Sector, and why the 
diviſions on both of them are cloſer at the middle 
and regularly widen toward each end, differing only 
in the number of their diviſions ; and hence, if every 
hour were divided into 15 parts, the line of hours 
would become a line of inclinations of meridians, which 
in practice would perhaps be leſs embarraſſing than 
the preſent mode of making two diſtinct lines of 
them. 1 
In treating of the Dialling lines on the Sector, it 
will not be expected that we ſhould deſcribe the me- 
thod of making all the various kinds of dials to which 
they may be applicable; this would be to form a Trea- 
tiſe on Dialling rather than a deſcription of the Dial- 
ling lines, and would be of but little uſe when done, 
as there are ſeveral treatiſes on that ſubject already 
extant, which thoſe who wiſh to become complete maſ- 
ters of theqwbole art of Dialling will do well to con- 
ſult :- all that we mean in this place is to give a few 
examples of the uſe of theſe lines as laid down on the 
Sector, 
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gector, in the conſtruction of ſome of the plaineſt as 
vell as moſt uſeful kinds of dials ; and, firſt, 


wy THE USE OF T HE LINE OF CHORDS. 


Suppoſe i it were required to make a horizontal dial, 
ſuch as repreſented in fig. 8. From the centre B 
deſcribe the two outſide circles between which the 
hours are afterwards to be drawn ; draw the line 
GH for the equinoxial or fix o'clock line, dividing 
the circles with two unequal parts. Note, the reaſon 
why the line is not drawn through the centre B is, 
that the hours about noon would fall too near each 
other, but by taking the ſix o'clock__.line behind the 


centre of the dial, the figures about twelve are farther © 


aſunder, as will eaſily be ſeen by the figure. From 
a b, the middle of the line GH through B, the centre 
of the two outſide circles, draw the double line @ % c d: 


this double line is the twelve o'clock line, and is per- 


pendicular to the fix o'clock line GH; it is called 
the /ub/ſtile, becauſe the gnomon or ſtile is placed over 
it, and muſt be equal in breadth with the thickneſs of 
the ſtile itſelf, This being done, the hours may be 
drawn by the line of chords as follows: open the 
Compaſſes to 60 degrees on the line of chords, and 
with that opening as a radius deſcribe the Quadrant 
FH, placing one foot of the Compaſſes on the point 
where the ſubſtile and equinoxial lines meet (as at ;) 


with the ſame opening deſcribe likewiſe the other Qua- 


drant EG, placing one foot on the point a: then take 
from the ſame line of chords the ſeveral diſtances 
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of 11 degrees two thirds for the diſtance of the hour 
1 from 12; 24 degrees 1 quarter for the hour 2; 58 
degrees 1 twelfth for the hour 3 ; 53 degrees 1 half for 
the hour 4; and 71 degrees 1 fifteenth for the hour 5; 
and mark them on the Quadrant FH (meaſuring from 
the 12 o'clock line, and numbering them 1, 2, 3, 
&c.) ; then, laying a Ruler on the point 5, over the ſe- 
veral diviſions on the Quadrant, through them draw 
lines, as in the figure; and where they fall on the out- 
fide circles, there place the figures for the afternoon 
hours. The very ſame proceſs on the Quadrant EG 
will give the morning hours, taking the diftance of 1 1 
degrees two thirds for the hour of 11; 24 degrees 1 
quarter for 10% and ſo on: after which continue the lines 
of 4 and 5 in the afternoon through the centre to the 
oppoſite part of the circle, and you will have the 
places of 4 and 5 in the morning; and, continuing in 
like manner the lines from 7 and 8 in the morning, you 
will have the like hours for the afternoon on the oppo- 
ſite ſide of the Dial. 

The line of chords is likewiſe uſeful in finding the 
elevation of the Gnomon, or Stile : thus, 

Having deſcribed, as before, the Quadrant EG with 
the chord of 60 degrees as radius, take the latitude of 
the place from the fame line of chords, which, if for 
London, will be 51 degrees 32 minutes, and, marking 
it down on the Quadrant from the Subſtile, as at m, 
draw the line a m K, and croſs it by the line i K, per- 


pendicular to the Subſtile, and you have the exact = 
| 0 


CI 
of the Stile, or the angle which its upper edge will 
make with the plate ; let this be fixed perpendicularly 
on the plate, and the Dial is finiſhed. 


USE OF THE LINES OF HOURS AND 
LATITUDES. 


Inſtead of uſing the line of chords for drawing 
the hour lines, they may be drawn by means of the 
lines of latitudes and hours: thus, having drawn the 
double meridian, or ſubſtile line, and croſſed-it at right 
angles by the equinoxial, or ſix o'clock line, as before, 
from the ſeale of latitudes marked Lat. take the lati- 
tude of the place for which the Dial is intended (as 51 
degrees 32 minutes for London), and with the Com- 
paſſes ſet that extent from à to b, and from c to d, on 
the 6 o'clock line, as in fig. 9; then take the whole 
length of the line of 6 hours, marked Hou. in the 
Compaſſes, and, putting one foot on 5, let the other 
fall where it will on the line ea; make a mark where 
it falls (which ſuppoſe at e), and from this mark to 
the point 5 draw the line e; then, extending the 
Compaſſes from the beginning of the line of hours to 
1, mark this diſtance from e toward &; do the fame for 
all the other hours, and, having marked where they 
fall on the line , draw lines from the point a through 
each of theſe marks to the circumference of the dial, 
and on theſe lines place the hours, as in the figure; 
and, having drawn the afternoon hours, a ſimilar pro- 
gels on the other ſide of 12, or the ſubſtile line, will 
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give the forenoon hours, making the diſtance between 
12 and 11, on the one fide, the ſame as between 12 
and 1, on the other; from 11 to 10 the ſame as from 
1 to 2, and ſo on. When this is done you have only 
to continue the lines from 4 and 5, and from 7 and 8, 
through the centre, as before, and take from the line 
of chords the height of the ſubſtile equal to the lati- 

tude, as before directed, and the Dial is completed. 
From what has been ſaid, any perſon will be able to 
conſtruct what is called a Horizontal Dial, ſuch as is 
placed on a pedeſtal in gardens, or on the outſide of 
windows, or in ſhort any Dial, of whatever form, 
which is placed flat, or on a level with the horizon. 
But beſides theſe there are what are called ereF or vertical 
Dials, ſuch as thoſe which are deſcribed on, or placed 
againſt, an upright wall: for theſe a wall looking ro- 
zvard the ſouth ſhould be choſen; and, if the wall be 
directly ſouth, the proceſs for making it is the ſame as 
for the horizontal Dial, only the figures for the hours 
muſt be reverſed, as in fig. 10, and, inſtead of taking 
the /atitude of the place for the diſtances e a, and f 4, 
and for the height of the ſtile (as directed for the ho- 
rizontal Dial), you are now to take what is called the 
complement, or co-latitude, that 1s, ſo many degrees as 
are wanting to make the latitude equal to 90 degrees: 
thus, at London the co- latitude, or complement of the 
latitude, is 38 degrees 28 minutes; becauſe 38 degrees 
28 minutes added to the latitude, 51 degrees 32 mi- 
nutes, make go degrees ; and therefore 38 degrees 28 
minutes are to be taken from the line of latitudes for the 
SO” diſtance 
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@iſtance from # to a, and from F to d, and likewiſe 
from the line of chords for the height of the ſtyle. 
Note, as the fun cannot ſhine longer than 12 hours 
on erect Dials, there is no occaſion, as on the horizon- 
tal Dial, to extend the hour figures farther than from 
6 to 6. 


THE USE OF THE LINE OF INCLINATION 
OF MERIDIANS. 


But if, inſtead of being direfly facing the fouth, 
the wall, on which your Dial 1s to be drawn or fixed, 
inclines toward the eaſt or weſt, the Dial is then called 
a Declining Dial, and the ſubſtile, inſtead of being on 
the meridian, or 12 o'clock line, will make an angle 
with it, greater or leſs according as the face of the 
Dial, or the wall againſt which it is placed, inclines 
more or lefs from the ſouth toward the eaſt or weſt. 
This difference between the ſubſtile and 12 o'clock line 
is called in Dialling the inclination of meridian. If the 
wall declines eaſtward, the ſubſtilar line will fall among 
the morning hours; but, if it declines weſftoard, it will 
fall among the efternoon hours. Now, in order to 
know at what place among the hours the ſubſtilar line 
will fall, take from the line of inclinations of meri- 
dians, marked IM. juſt ſo many degrees as are equal 
to the inclination of the wall either eaſt or weſt (which 
we ſuppoſe to be alfeady known, or, if not, it may be 
found by the method hereafter deſcribed), and apply 
the diſtance fo taken between the points of the Com- 
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paſſes to the line of hours on the Sector, and it will 
ſhew where the ſubſtilar line will fall: thus, if the wall's 
inclination be 18 degrees 30 minutes weſt, place one foot 
of the Compaſſes at the beginning of the line of inclina- 
tions of meridians, and extend the other to 18 degrees 
Zo minutes on the ſame line; then the ſame extent of the 
Compaſſes will reach from the beginning of the line of 
Hours to a quarter paſt 1 on that line; and therefore the 
ſubſtilar line muſt fall at a quarter paſt x on the 
Dial; or if the Dial declines as much eaſtward, then, 
by the ſame rule, the ſubſtile muſt be drawn at three 
quarters paſt 10, or one quarter before 11; and thus, 
by the line of inclinations of meridians may always be 
found the place of the ſubſtile line, when the declination 
of the wall is known; in every other reſpect a declin- 
ing Dial is made in the very ſame manner as the di- 
rect ſouth Dial. 

It may be neceſſary here to add that, though up- 
right Dials are generally of a ſhuare, and horizontal 
ones of a circular, form ; yet neither is of any conſe- 
quence as to the conſtruction; they may both be made 
of cither form indifferently, 

lt is likewiſe eaſy to conceive that the lines of chords, 
hours, latitudes, and inclination of meridians, uſually 
placed on the Sector, will ſerve for Dials of different ſizes, 
or indeed for any ſize that is large enough for the line 
of 6 hours to fall within it; but if a Dial ſhould be 
wanted too /ma/l for the lines on the Sector, or if, for 
the ſake of greater accuracy in large Dials, the reader 
ſhould wiſh to make uſe of larger ſcales than thoſe on 
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the Sector, he may eaſily, by attending to the diree«. 
tions already given, conſtruct them * of any ſize 
he pleaſes. 

Though the method for finding the true meridian 
is not ſtrictly connected with our primary intention, 
yet, as it is of the utmoſt conſequence, both in f- 
ing horizontal Dials as well as in de{cribing vertical 
ones, it may perhaps be acceptable to thoſe who may 
wiſh to amuſe themſelves, either in making or fixing 
Dials, to deſcribe the moſt ſimple method of finding 
the true /ouh point. 

Chooſe a board ſmoothly planed, and paſte white 
paper on it; then make a hole in the centre to con- 
tain an upright pin, and from it, as a centre, draw 
ſeveral circles: or it would be ſtill better if, when the 
pin (which muſt be pointed at the top) is fixed firmly 
in its place, you take a ruler, or any other piece of 
wood, with a point at one end of it, and laying it at 
different parts of its length on the top of the pin, 
draw with the point at the end the ſeveral circles on 
the board; by this means the top of the pin will be 
exaZly in the centre of all the circles. This done, early 
in the morning place the board thus prepared exattly 
level in the place where you wiſh to make the ob- 
ſervation (the beſt time to do which is about the 1ath 
of June, when the ſun is near the ſolſtice), and wait 
till the ſhadow of the top of the pin touches any one 
of the circles, and there make a mark; come again 
as much after 12 at noon as this obſervation was 
made before that hour, and make a mark at that place 
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on the ſame circle where the ſhadow of the pin's top 
than falls; divide the diſtance between theſe two 
marks very accurately, and the middle will be the me- 
ridian or true fouth; but, for fear the fun ſhould not 
happen to ſhine exactly at the time you want it in 
the afternoon, it is beſt to mark the places in the 
morning, where the ſhadow touches different circles, 
which it will do at different times, going from the 
outer to the inner circles, as the ſun riſes: that you 
may take whichever happens to ſuit for the after- 
noon obſervation. There is, however, a very ſmall 
error in this method, which you may correct if you 
think proper, which ariſes from the ſun's proper mo- 
tion, by which he loſes as much in fix hours as he 
gains in one minute of an hour by his daily motion. 
To be perfeftly correct, therefore, you muſt add as 
much to the /aſf or afternoon mark, as the ſhadow 
moves in one minute, which is eaſily found by a watch 
or clock, | Dp.” 
There are two kinds of Inſtruments, viz. the Pro- 
portional Compaſſes and Marquoi's Parallel Scales ; 
which, though they do not make a part of every 
good Caſe of Inſtruments, are yet ſometimes found in 
them, or uſed in conjunction with them: the former 
is an old invention compared with the latter, which 
have not been long introduced, though poſſeſſed of 
pecuhar advantages above the common Parallel Ruler. 
To thoſe who are, or may be, in poſſeſſion of them, 
and are not acquainted with their uſe, a brief deſcrip- 
tion of them will not, it is preſumed, be unaccept- 
able. 
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The Proportional Compaſſes conſiſt of two ſides, 
each of which has a ſhort ſteel point at one end, and 
a much longer one at the other; the two ſides are 
exactly the ſame length, and are made fo like each 
other in every reſpect as to ſeem like one piece when 
together, before they are opened. They have each a 
long groove cut through them, and through this groove 
runs a ſteel pin with a braſs nut at each end, by means 
of which it is made to ſlide along the grooves, and 
may be fixed in any part of them: this pin, when fixed 
by the nut in any part of the groove, ſerves as a 
centre for the two ſides to turn upon; by this means 
the two points at each end of the Compaſſes may be 
opened in any proportion to each other: if, for in- 
ſtance, the centre about which they turn is placed in 
the middle, it is plain that the opening at both ends 
of the Compaſſes will be the ſame ; but, if the centre 
is fixed nearer to the end where the ſhort points are, 
the long points of the Compaſſes will open in the 
fame proportion wider than the ſhort ones, as the centre 
is more diſtant from them, than it is from the ſhort 
ones; and hence they become Proportional Compaſſes. 

There is a ſmall piece of braſs fixed to the ſliding 
centre, acroſs which is drawn a fine hne, and on each 


fide of the groove in which it ſlides are other lines, or 


diviſions, to which it is to be ſet in uſing, and by which 
the ſeveral proportions are determined. The lines, or 
ſcales, on the ſides of the Compaſſes are a line of di- 
cles, a line of /ines, and ſometimes lines of plans and 
flids, 
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The line of Circles (fo called) is more properly a 
line of Polygons, as its uſe is to inſcribe polygons of 
any number of ſides, from 6 to 20 in a circle: its uſe 
is very eaſy, as you have only to move the centre till 
the line acroſs the ſliding piece correſponds with the 
figure which expreſſes the number of ſides the poly- 
gon is to have, and fixing it there, if you open the 
Compaſſes till the diſtance between the longeſt points 
is equal to the radius of the circle, in which the poly- 
gon is to be inſcribed, the ſhorteſt point will give 
the length of one of its ſides; thus, if an octagon were 
| wanted, ſlide the line on the ſliding piece to the line 
at fig. 8, on the line of circles, and fixing it there, open 
your Compaſſes, till the diſtance between the long 
points is equal to the radius of the circle which is to 
contain the octagon, and the ſhort points will give 
the length of one ſide of the octagon; and ſo of all 
the reſt. It is almoſt needleſs to mention, that by 
this means a circle may be divided into any number of 
equal parts from 6 to 20, and 1, 2, 3, or more of thoſe 
parts taken at pleaſure, when a polygon is not intended 
to be drawn. 

The uſe of the line of lines is ſtill more ſimple; by 
it the points at each end may be opened in any pro- 
portion to each other: thus, if you ſlide the index to 
3, the long points will be at any opening of the Com- 
paſſes, three times as diſtant as the ſhort ones; if to 
4, they will be four times, and ſo on: and thus a line 
be divided into any number of equal parts, or lines 
drawn or meafured in any proportion to each other, 


a 
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all which is ſo Ram that no examples can be neceſ- 
fa 

In che ſame manner are che lines of plans and 
ſolids to be uſed when they are found on the Propor- 
tional Compaſſes, as plans and ſolids bear the fame 
proportion to each other with lines. 

All the operations performed with the Proportional 
Compaſſes may likewiſe be performed by means of 
the Sector; but their advantage is, that thoſe opera- 
tions, which, when performed by the Sector, require 
two inſtruments (viz, the Sector and a pair of Com- 
paſſes or Dividers), may be performed by the Pro- 
portional Compaſſes only, ſo far as they are applica- 
ble. 

Marquoi's Parallel Scales conſiſt of two ſtraight rules 
commonly of one footlong (but ſometimes theyare made 
much longer), and a flat piece in the form of a right- 
angled triangle, whoſe longeſt ſide is three times the 
length of the ſhorteſt. They are made either of box or 
ivory, and their uſe to draw either parallel lines or 
perpendiculars ; and with this peculiar advantage, that 
any number of either may be drawn at any re- 
quired diſtance, even to the ſixtieth of an inch, and 
that in the moſt ſimple, accurate, and expeditious 
manner. 

For this purpoſe there are eight ſcales, viz. two 
on each ſide of the rulers : theſe conſiſt of equal parts 
of an inch from 20 to 60, and are divided in the 
ſame manner as thoſe on the plain ſcale before deſcrib- 
ed, Each of theſe is placed under an artiſcial ſcale, 

| which 
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which artificial ſcale is on the very edge of the ruler, 
and anſwers to the natural ſcale underneath it, in the 
proportion of three to one; that is, the diviſions and 
ſubdiviſions on it are three times as diſtant from 
each other as on the natural ſcale, and they are num- 
bered both ways from the centre, where there is 
an O. . | 

In the centre of the longeſt ſide of the triangular 
piece there is a ſtar or flower- de- luce, from which there 
is a line drawn which ſerves as an index in uſing it. 

To uſe theſe Scales as a parallel ruler, place the 
longeſt ſide of the triangular piece againſt the edge 
of one of the rulers, with the ſhorteſ# fide toward 
the right hand, and move them 7ogether till the ſloped 
edge of the triangle is in the place where the firſt line 
is to be drawn; or, if a line is already drawn to which 
one or more parallels are wanted, it muſt be moved 
till the ſaid edge correſponds with that line, and then 
any number of parallels may be drawn, either above 
or below the line, by ſliding the triangle either to the 
right or left along the ruler, taking care to keep the 
ruler ſteady without moving, and preſſing the triangle 
cloſe to the edge of it. 

By means of the ſeveral Scales on the edges of 
the ruler, parallels may be drawn at any required diſ- 
tance: ſuppoſe, for example, any number of parallels 
were wanted to be drawn at the diſtance of the thirtieth 
of an inch from each other, chooſe the ſcale marked 
30, and placing the triangle againſt it (as before 
directed) with the flar or flower- de- luee on the tri- 


angle, 


„ 


aogke,* to correſpond with the O in the middle of 
the artificial ſcale on the edge of the ruler, if you move 
the triangle one diviſion, and then draw a line, it will 
be one thirtieth of an inch either above or below the 
given line, according as the triangle was moved to 
the right or left. If you move the triangle ten of the 
diviſions, then the lines will be one-third of an inch 
diſtant; if 3o, then the lines will be one inch diſtant ; 
and thus by uſing different ſcales, or moving the tri- 
angle more or leſs along the edge of the rulers, pa- 
rallels may be eaſily drawn at any diſtance from each 
other, or from any given line. 

It is ealy, with a very little care, to move the 
triangle exactly from one diviſion to another; but one 
peculiar excellence of theſe ſcales is, that as the 
artificial ſcale, which is the guide in moving the 
triangle, is three times as long as the natural ſcale, 
if any trifling error ſhould happen in placing the tri- 
angle to the ſeveral diviſions, the error in drawing 
the lines is only one-third of what it would be if the 

two ſcales exactly correſponded. 

Another advantage of theſe ſcales above the com- 
mon parallel ruler is, that perpendiculars may be 
very expeditiouſly drawn; for if you place the edge 
of one of the rulers to correſpond with any given 
line, then placing the ſhort end of the triangle againſt 
that edge, the ſloped ſide of it will be perpendicular 
to the ruler, and conſequently a line drawn along the 
ſide of the triangle will be perpendicular to 


the given line. 
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We following, and all other Optical, Mathematical, 
and Philoſophical Inſtruments, made and ſold by 
JOHN FIELD, No. 74, Cornbill, London. 


Spectacles in ſilver, tortoiſeſhell, and ſteel: 

Reading and magnifying glaſſes. 

Concave glaſſes, concave and convex mirrors. 

Reflecting and achromatie teleſcopes. 

| Opera and perſpective glaſſes. 

Magic-lanterns, camera-obſcuras, and ſcioptric balls: 

Solar, ſingle, and compound microſcopes:. 

Aquatic, botanic, and other microſcopes. 

Optical machines, for viewing perſpective prints. 

Theodolites, circumferenters, plane tables; &c. 

Caſes of inſtruments; meaſuring- chains, and tape-boxts. 

Sectors and protractors in ivory or braſs. 

Pentagraphs of braſs or wood, for reducing profiles, &c. 

Sextants, Hadley's quadrants, and ſteering compaſſes. 

Second or watch glaſſes of a ſmall ſize for the pocket: 

Braſs ſpeaking-trumpets. 

Gunners quadrants, perpendiculars, and callipers. 

Orreries, planetariums, and tellurians. 

New-invented diſſected globes, which greatly facilitate 
the teaching of geography. | 

Globes of all the different ſizes. 1. NO 64 

Hydrometers and thermometers for various purpoſes. _ 

Barometers with thermometers, matine barometers, fot 
indicating the approach of a ſtorm at ſea. 

Electrical machines and apparatus, 

Conductors, for preſerving ſhips and buildings from the 
effects of lightning. 


